S1 Proof of blindness for optimised BQC
Our optimised protocol guarantees full blindness of a computation, even though not all qubits have an a initial rotation. Here, we show that algorithms that admit a measurement pattern in which the secret can be encoded over a few qubits can be made fully blind using only a few blind qubits. This construction works as long as measurements following the blind qubit measurements are chosen in the Clifford group (integer multiples of π/2), and thus our constructions works for Deutsch's and Grover's algorithms.
In our setup, in order to achieve blindness for measurements of qubits 2 and 3 the quantum server should learn nothing about φ 2 and φ 3 , the client's choice of measurements on those qubits. The quantum server holds the rotated qubits
|0 + e iθ 2 |1 and
|0 + e iθ 3 |1 ; it also has the measurement instructions δ 2 = φ 2 + θ 2 + πr 2 and δ 3 = φ 3 + θ 3 + πr 3 . For simplicity we define new variablesθ 2 = θ 2 + πr 2 andθ 3 = θ 3 + πr 3 . Thus the server holds the quantum
|0 + e i(θ 2 +πr 2 ) |1 and
|0 + e i(θ 3 +πr 3 ) |1 . Since r 2 and r 3 are random and unknown to the quantum server, the density matrices corresponding to these systems, as held by the server, are identically I/2, that is, the systems are completely mixed and thus independent ofθ 2 andθ 3 . As these angles are themselves uniformly random, the classical information δ 2 = φ 2 +θ 2 and δ 3 = φ 3 +θ 3 is also uniformly random and independent of φ 2 and φ 3 . Hence, the quantum server, despite receiving classical information δ 2 and δ 3 and quantum states |θ 2 and |θ 2 , cannot distinguish between the possible choices of the client's measurements on qubits 2 and 3. Now, these blind measurements may be followed by non-blind ones. This will not affect the blindness (no information about φ 2 and φ 3 will be leaked to the server) as long as the structure of the algorithm permits the non-blind angles to be integer multiples of π/2. This optimisation is due to the fact that for φ 4 ∈ {0, π/2, π, 3π/2}, a sign flip on φ (φ → −φ) can be re-interpreted as the (possible) addition of π to φ (φ → φ + π). Thus the feedforward structure for φ 4 is given by the addition of an optional multiple of π. This is completely hidden by the usual addition of a random πr 4 , included in δ 4 . Thus, from the server's point of view, the process of measuring qubit 4 is independent of φ 2 and φ 3 .
S2 Leakage of information in experimental blind quantum computing
In order to quantify any deviation from perfect blindness introduced by experimental imperfections we need a model for the information received by the server during a run of the protocol.
To this end, we assume that the only information obtained by the server is the initial quantum state supplied by the client, as well as the classical set of angles δ i received during the protocol. We also assume that the state produced by the experimental setup for a given choice of the ideal input state is fixed, and that the client's choices can be considered uniformly random.
In such a model, the amount of information leaked is bounded by the Holevo information of the quantum state, ρ received by the server, χ = −Tr(ρ log 2 ρ) + θ 1 8
Tr(ρ θ log 2 ρ θ ), where
(ρ θ + ρ θ+π ) and ρ θ is the state produced in the experimental apparatus for the client's choice of θ.
S3 Experimental setup
In our experiment (main paper, Fig. 3A ), entangled photon pairs are produced by exploiting the emissions of a non-collinear type-II SPDC process. For this, a mode-locked Mira HP Ti:Sa oscillator is pumped by a Coherent Inc. Verdi V-10 laser. The pulsed-laser output (τ = 200 fs, λ= 789 nm, 76 MHz) is frequency-doubled using a 2 mm-thick Lithium triborate (LBO) crystal, resulting in UV pulses of 0.8 W cw average. We achieve a stable source of UV-pulses by translating the LBO to avoid optical damage to the anti-reflection coating of the crystal. Afterwards, dichroic mirrors are used to separate the up-converted light from the infrared laser light. The 
S4 Experimental preparation of blind cluster states
The blind cluster state in the laboratory basis is composed of four terms that correspond to different emissions of four photons. Such four-photon emissions can experimentally be obtained either by an emission of two entangled pairs, one in the forward and one in the backward mode, or by double-pair emissions into the forward or the backward mode. The production of our cluster state exploits coherent superpositions of these different four-pair contributions and utilizes the properties of the polarising beam splitters (PBSs) as well as post-selection to obtain the appropriate state. In order to produce the desired state, we align our setup such that a |Φ In our experiment, the emitted Bell pairs show a typical visibility of about 0.9, depending on the specific experimental setting. The different photon emissions then interfere at the PBSs with average visibilities of 0.85. Additional errors arise due to phase drifts during the measurements.
These main error contributions, together with minor errors like polarisation drifts, decrease the fidelity of our blind cluster states with respect to the ideal state. In our calculations, we always assume Poissonian errors. In fact, these indicate a lower bound for the actual error that takes all the experimental imperfections into account. This is underlined by an analysis of the data of Figure 6 (main paper) where we obtain a value of χ 2 of 1.6 when assuming Poissonian errors only. Including the errors mentioned above, we obtain a χ 2 value satisfactorily close to one (about 1.1).
In the context of BQC, the client has access to the various four-photon emissions and prepares the encoded phases, for example θ 2 and θ 3 , by applying local operations. These photons are then sent to the quantum server who generates entangled blind cluster states by superimposing these qubits on two polarizing beam splitters, followed by a successful detection of a four-fold coincidence in the output modes 1-4. The settings for the computation are set by phase retarders in each of the output modes to align the setting for the consecutive projective measurements. We note that due to the down-conversion process the client rather prepares arbitrarily rotated Bell pairs instead of single qubits, which enables a compact client-server network without affecting the blindness.
S5 Four-qubit state characterization of |Φθ L
For each |Φθ L , we present the state fidelities (Table S1 ) for the four-qubit system, as well as the corresponding output density matrices in the laboratory basis (Figures S1-S10).
state Fidelity
61.9 ± 0.6 Table S1 : Four-qubit fidelities in % 
S6 Single-qubit gates on |Φθ →
For each |Φθ → , we present the output state fidelities (Table S2) 
S7 Two-qubit gates on |Φθ ⊂
For each |Φθ ⊂ , we present the output state fidelities (Table S3) for two different two-qubit gate combinations, as well as the corresponding output density matrices (Figures S21-S30) . 0.747 ± 0.023 0.692 ± 0.029 |Φ (6, 0) 0.654 ± 0.032 0.63 ± 0.029 |Φ (6, 4) 0.689 ± 0.035 0.692 ± 0.025 Table S3 : Output fidelities for two-qubit gates on |Φθ ⊂ . For each blind state, the operations of columns a and b are given in the corresponding Figure S21 -S30. 
S8 Blindness demonstrations on |Φθ →
We present output state fidelities (Tables S4 and S5 ) for blind single-qubit gates where the instructions to the quantum server are fixed, and where the underlying blind cluster state |Φθ → varies. Figures S31-S34 present the corresponding operations and demonstrations of blindness.
0.69 ± 0.051 0.798 ± 0.05 |Φ 
0.676 ± 0.058 0.8 ± 0.05 |Φ (6, 0) 0.873 ± 0.043 0.872 ± 0.034 purity 0.53 ± 0.024 0.559 ± 0.029 Table S5 : Output fidelities for single-qubit gates on |Φθ → . For each blind state, the operations for each column are given in the corresponding Figure S33 -S34. 
S9 Blindness demonstrations on |Φθ ←
We present output state fidelities (Tables S6 and S7) Table S6 : Output fidelities for single-qubit gates on |Φθ ← . For each blind state, the operations of the first column are given in Figure S35 while the operations of the second column are given in the main text and in Figure S36 . 
0.843 ± 0.04 0.853 ± 0.047 |Φ (6, 4) 0.774 ± 0.052 0.756 ± 0.056 purity 0.537 ± 0.027 0.51 ± 0.017 Table S7 : Output fidelities for single-qubit gates on |Φθ ← . For each blind state, the operations for each column are given in the corresponding Figure S37 -S38. 
S10 Blindness demonstrations on |Φθ ⊃
We present output state fidelities (Table S8) 0.616 ± 0.036 0.579 ± 0.046 |Φ (2, 4) 0.587 ± 0.028 0.683 ± 0.028 |Φ (6, 0) 0.741 ± 0.03 0.759 ± 0.032 |Φ (6, 4) 0.652 ± 0.036 0.667 ± 0.032 purity 0.299 ± 0.009 0.298 ± 0.009 
S11 Blindness demonstrations on |Φθ ⊂
We present output state fidelities (Table S9) 0.647 ± 0.029 0.662 ± 0.028 |Φ (2, 4) 0.615 ± 0.027 0.625 ± 0.024 |Φ (6, 0) 0.669 ± 0.034 0.654 ± 0.032 |Φ (6, 4) 0.673 ± 0.03 0.633 ± 0.029 purity 0.284 ± 0.008 0.28 ± 0.006 Table S9 : Output fidelities for two-qubit gates on |Φθ ⊂ . For each blind state, the operations for each column are given in a figure in the main text and in figure S41 (first column), as well as in Figure S42 (second column). 
